Levels and changes in self-reported physical activity over a 7-year penod were examined to determine tracking and to estimate the proportion of total cohort change attributable to secular trends. A populationbased sample of 2,328 men and 2,787 women aged 18-30 years at baseline (52% black and 48% white) from Birmingham, Alabama, Chicago, Illinois, Minneapolis, Minnesota, and Oakland, California, were examined four times between 1985-1986 and 1992-1993. The intraclass correlation for up to four measures was 0.57 for the entire sample, varying between 0.57 for white men and 0.42 for black women, indicating a moderate tendency for tracking. The energy expenditure in physical activity at each examination was greatest in black men and, compared with black men, about 5% less in white men, 30% less in white women, and 50% less in black women. The total cohort decrease in mean physical activity was approximately 30% in each race-sex group. The secular trend accounted for 38% of the total cohort change in black men, 43% in black women, 52% in white men, and 81 % in white women. Physical activity declined sharply during the early years of adulthood, partly because of secular trend. Young adults are therefore an important target group for physical activity promotion programs to reverse individual and populationwide declines prior to middle age. Am J Epidemiol 1996;143:351-62.
Habitual physical activity (1-6) and physical fitness (7, 8) are inversely related to the incidence of coronary heart disease, cardiovascular disease, and all-cause mortality. Data indicate that at the population level there are potentially major health benefits from increasing fitness levels in the least fit. One way to achieve this would be for these groups to increase their levels of habitual leisure-time physical activity (8) (9) (10) .
To develop programs to promote physical activity, it is important to know when lasting habits of leisuretime physical activity are developed. Perry et al. (11) strongly stress the need for examination and research on the etiology of health behavior patterns, including physical activity. They state, "Risk-related behaviors can be viewed as social behaviors that are learned, developed, and become prevalent in childhood and adolescence" (11, p. 409) . Some evidence indicates that physical activity patterns learned during adolescence carry over into adulthood (12) , while other studies report no association (13, 14) . All in all, there is no conclusive evidence supporting the idea of tracking of physical activity (15) (16) (17) (18) from adolescence into early adulthood ("tracking" refers to people tending to maintain their level of activity relative to that of others (19) ). Despite scanty evidence regarding the tracking of activity from young to middle adulthood, there are data to suggest that the strongest predictor of currentparticipation in an adult exercise program is past participation, at least for structured programs (20) . During this stage of life, increases in family and work responsibilities may significantly influence individual healthpromoting behaviors. Thus, it is important to know to what degree physical activity patterns remain stable or change through late adolescent and early adult years into middle age and to identify factors that may influence the processes of change (21) .
Leisure-time physical activity seems to decline in late adolescent and young adult years (22) (23) (24) (25) (26) . However, most of these studies are cross-sectional and do not permit separating total cohort change into period, birth cohort, and aging effects. One study suggests that the general population of men in the upper northwestern United States exhibited a secular trend for increasing mean leisure time physical activity from 1957 to 1987 (27) . However, another recent analysis, focused only on the 1980s, suggests little change and perhaps a decline in vigorous intensity activity during that decade (28) .
Thus, the purpose of the present analysis is to 1 . examine to what degree the level of physical activity in late adolescence and young adulthood predicts physical activity later (tracking) and 2. describe changing physical activity levels in young adults during a 7-year period, with particular reference to what part of the change was attributable to secular trends.
MATERIALS AND METHODS

The Coronary Artery Risk Development in Young Adults Study (CARDIA) population
The CARDIA is a longitudinal observational study of the development of coronary risk factors in relation to physiologic and lifestyle variables in young black and white men and women. The study population was recruited from four geographic areas by communitybased sampling in Birmingham, Alabama, Chicago, Illinois, and Minneapolis, Minnesota, and by sampling from the membership of a large prepaid health care program in Oakland, California. Details about recruitment procedures have been reported (29, 30) . At baseline, the sample consisted of 2,328 men and 2,787 women aged 18-30 years. Fifty-two percent were black and 48 percent were white. Participants were examined four times using a variety of physiologic and self-report measures, including a physical activity questionnaire. Baseline (year 0) information was recorded in 1985-1986. The second (year 2) examination was in 1987-1988 (response rate = 90.4 percent), the third (year 5) examination was in 1990-1991 (response rate = 85.7 percent), and the fourth (year 7) was in 1992-1993 (response rate = 80.6 percent). The dropout rate was greater for blacks than for whites; 61 percent (701/1,157) of black men and 66 percent (983/ 1,479) of black women attended all four examinations, compared with 79 percent (926/1,170) of white men and 78 percent (1,022/1,307) of white women. Despite this differential response rate, findings concerning physical activity were similar in analyses including all available participants or only those who participated in all examinations.
Women who reported being pregnant or breastfeeding at the time of an examination may have lower levels of physical activity. One-way analyses of variance of physical activity at the first three examinations, however, did not show statistically significant differences between pregnant/lactating women and the rest, and therefore all women were included.
Measurement of physical activity
Assessments of physical activity levels were obtained using the interviewer-based CARDIA Physical Activity History, which covers 13 different types of activities. The eight vigorous intensity activities were jogging, racket sports, bicycling, swimming, vigorous exercise/dancing, weight lifting, vigorous job activity, and other strenuous sports. The five moderate intensity activities were nonstrenuous sports, walks/hikes, bowling/golf, home exercise, and home maintenance. Each activity was scored according to whether the activity was performed for at least an hour during any 1 month during the past year (activity ever performed in the past year), the number of months it was performed at that level (consistency of performance throughout the year), and the number of months the activity was performed frequently (based on a cutpoint for frequent participation that varied according to the activity, i.e., frequency/duration of activity in each month). The physical activity score was expressed in exercise units and consisted of a sum of moderate intensity and vigorous intensity scores. Exercise units are related to caloric expenditure (31, 32) , but the questionnaire did not ask about the duration of exercise sessions and therefore permits no direct estimate of caloric expenditure. To assist in understanding the score, we note that performing at least one of the vigorous activities on a regular, frequent basis for at least 6 of the previous 12 months roughly meets the American College of Sports Medicine recommendation (33) . At baseline, 23 percent of persons with scores of 100-199 exercise units met this criterion. Corresponding percentages reporting frequent activity in at least 6 of the past 12 months, of persons with scores of 300-399 exercise units, 500-599 exercise units, and 800 or more exercise units, were 74 percent, 93 percent, and 100 percent. The questionnaire shows a test-retest reliability in the range of 0.77-0.84, and scores on the questionnaire are associated with external validation criteria (treadmill test performance, caloric intake, skinfold thickness, high density lipoprotein cholesterol, other measures of physical activity) (31, 32, 34) . Details of the scoring system have been published (32) .
Demographic variables included the number of years of education (queried at each examination), age, clinical center, race, and sex.
Statistical methods
The data were analyzed as a repeated measures design. Missing observations were primarily due to nonresponse at the 2-, 5-, and 7-year examinations (see table 1 ). The baseline physical activity score (mean) was compared among persons who attended only baseline, persons who attended two or three examinations, and persons who attended all four examinations. As qualitative findings were similar for either arithmetic or geometric means (using the natural logarithmic scale), most analyses were done on the less complex arithmetic scale, specific to race and sex.
Changes in physical activity with time and within person correlation and standard deviation were assessed using SAS version 6.07 PROC MIXED software (35) using restricted maximum likelihood, with each person contributing baseline and up to three subsequent observations, depending on which examinations were attended. Because the assumption of a distinct within person correlation coefficient between each pair of examinations (unstructured covariance structure) yielded results similar to those assuming a common correlation, in most analyses the correlation between successive physical activity measurements was assumed not to depend on the time elapsed between examinations (compound symmetry covariance structure). The exception was in analyses of tracking.
Tracking was measured by 1) the within person correlations for physical activity measured in pairs of examinations in the same person up to four times, under the unstructured covariance assumption, and 2) the within person standard deviation of physical activity, pooled across examinations, under the compound symmetry covariance assumption. In addition, the intraclass correlation coefficient (the ratio of the between person variance component to the total variance) was reported as a summary within person correlation.
The description of changes in physical activity over 7 years as linear was adequate. Race-sex-specific linear physical activity changes were adjusted for education and clinical center. Interactions between changes in physical activity, time and age, educational attainment, and clinical center were also studied. Educational attainment was represented as two variables, one representing the between person component (level of education averaged over all examinations within each person) and the other representing the within person component (each person's deviations from his/ her personal average, i.e., nonzero for those participants who continued in school during CARDIA and zero for those who did not continue).
Estimation of the age-related and time-related components of the physical activity level and change is complicated by three facts: 1) the change in age and change in time are synonymous; 2) the level of physical activity at a given age may depend on which calendar years the person lived through (birth cohort effect/historical time); and 3) the slope of physical activity on age may vary by age (curvature in the age trend). We defined age at baseline, a time-independent variable, and age at examination, a time-dependent variable. We computed the coefficients of time and age in regressions of physical activity 1) on time and age at baseline and 2) on time and age at examination. The age coefficients are algebraically identical in the two regressions, estimating between person difference in physical activity per year of age, which we call the cross-sectional age effect. The time coefficient in the first regression with age at baseline estimates the total within person time trend from both age-and timerelated sources, which we call the total cohort change in physical activity. The time coefficient in the second regression with age at examination estimates the agematched time trend, namely, the change in physical activity after removing between person differences in age; this coefficient includes purely time-related effects, such as the secular trend and methodological artifacts. Both cross-sectional age effects and the agematched time trend are possibly confounded with historical and age curvature effects. To assess the consistency of age and time trends, we examined the graphs of mean physical activity levels for each single year of age at each examination, adjusted for education and clinical center.
RESULTS
There were small, but statistically significant differences between examination attendance categories in age and educational attainment with a tendency for nonresponders to be younger and less well educated (table 1) . The physical activity level varied by attendance category only in white women. Age and education did not differ between black men and women who attended all four examinations (table 1) . White women attending all four examinations were 0.2 years older than were white men at baseline, with no differences in educational attainment. Black participants attending all four examinations were 1.1 year younger than were white participants and had 1.6 years less of educational attainment. Table 2 shows that the intraclass correlation between physical activity measures at the different examinations was 0.57 for the sample as a whole and slightly higher in men than in women and in whites than in blacks. There was a minor violation of the compound symmetry assumption, in that there was a slight drop-off in the level of correlation over longer intervening time periods. Further analyses (not shown) showed that the level of tracking was similar for participants aged 18-20, 21-25, and 26-30 years at baseline. Though these correlation coefficients suggest that there was a tendency for each person to maintain his/her initial rank, there was also considerable within person variation in this measure, ranging from a standard deviation of 167 exercise units in black women to 233 exercise units in black men. Figure 1 gives arithmetic and geometric means of the physical activity score by year of examination, according to race and sex, adjusted for age, education, and clinical center. The level of physical activity score at each examination was greatest in black men and, compared with black men, about 5 percent lower in white men, about 30 percent lower in white women, and about 50 percent lower in black women. A general tendency toward decreasing physical activity was seen in each race-sex group, with less change between years 2 and 5 than between years 0 and 2 or years 5 and 7. Given the skewness of the physical activity variable, the geometric mean, which in this case was consistently about 100 exercise units lower than the arithmetic mean (130 exercise units lower for black men), gave the truer picture of the center of the physical activity distribution. Nevertheless, the time-, race-, and sex-related patterns of geometric means were similar to those of the arithmetic means. The total cohort changes between years 0 and 2 and between years 5 and 7 were statistically significant, while those between years 2 and 5 were only marginally statistically significant. The overall reduction in the geometric mean physical activity score between years 0 and 7 was 27 percent in black men, 32 percent in black women, 22 percent in white men, and 33 percent in white women.
Mean changes in physical activity
The total cohort change in physical activity score per year, computed within individuals, is given in table 3, taken from models in which time was represented linearly. The absolute decline was least in black women (whose mean level of physical activity was also lowest) and about twice as great in the other three race-sex groups. In general, the decline in physical activity score per year was 2-3 percent of baseline levels in each race-sex group. The total cohort change did not vary by baseline age but did vary by the level of educational attainment and by the clinical center, as detailed below. The mean activity scores specific to most moderate and vigorous intensity activities declined, including those for jogging, racket sports, swimming, vigorous exercise/dancing, other strenuous sports, nonstrenuous sports, walks/hikes, and home exercise. The mean scores for bicycling, weight lifting, and bowling/golf did not change during the study. The mean score for vigorous job activity increased in blacks but did not change in whites, while the mean score for home maintenance increased in whites but not in blacks. Details of scores for specific activities are too voluminous to present here. Figure 2 presents the mean physical activity scores at each single year of age at each examination for each race-sex group, adjusted for education and center. The left side of the figure plots the four examinations' specific sequences of physical activity according to baseline age; in this case, the vertical distance between physical activity means represents the total cohort change between examinations. In accord with table 3, there is a decrease in physical activity at each baseline age, particularly evident between the examinations at years 0 and 7. The slopes of the four sequences are the time-specific cross-sectional age effects and are seen to be relatively consistent between examinations within each race-sex group, implying no birth cohort effects. The right side of the figure plots the four examination-specific sequences of physical activity according to age at examination; in this case, the vertical distance between physical activity means is the age-matched time trend. The similarity of the cross-sectional age effects over the extended age range of 18-37 years is emphasized in the right side of figure 2 .
Age and time trends in physical activity
The time-specific slopes of physical activity on age are pooled as a single cross-sectional age effect in 1 Education is represented as two variables: each person's average over all the examinations and the deviaton from this average at each examination.
t The slope Is the regression coefficient for time holding age at baseline constant, I e , the total cohort change (exercise units per 7 years of time and age change) X t is the regression coefficient divided by its standard error. § The slope is the regression coefficient for age (exercise units per 7 years of age drfference) I The slope is the regression coefficient for time holding age at examination constant (exercise units per 7 years of time change). table 3; the weighted average for black males, for example, is -49 exercise units per 7 years of age difference between two individuals. The physical activity score was estimated to decline with age by 5-10 percent of baseline levels in the four race-sex groups. Age-matched time trends per 7 years (i.e., pooled age-matched time trends from the right side of figure  2 ) are given in the rightmost columns of table 3; exercise unit declines for 7 elapsed years were 29 in black men, 13 in black women, 36 in white men, and 65 in white women. The age-matched time trend was statistically significant only in whites. Most of the total cohort change in physical activity among white women was attributed to the age-matched time trend.
Education effects
The physical activity score (averaged within each person over all the examinations attended) was greater in those with higher average educational attainment, There also was effect modification in the total cohort change in physical activity score per year of additional education attained during the 7 years of follow-up (table 4) . In black men, the loss of physical activity was partially mitigated by attainment of additional years of education during CARDIA; the decline in physical activity score was 8.6 exercise units per year less for each additional year of education attained in black men (t = 2.7), while in white men the decline in physical activity score was 11.5 exercise units more (t = -2.8) for each additional year of education attained. However, in women, change in the physical activity score showed little association with years of additional attained education.
Clinical center effects
Physical activity levels (averaged over all examinations) were lower for participants in the Birmingham clinic than in the other three clinics by 115 exercise units in black men (t = -5.1), 76 exercise units in black women (f = -6.4), 82 exercise units in white men {t --4.0), and 115 exercise units in white women (t --7.2). Table 5 shows the effect modification of the total cohort change of physical activity score by race and sex, according to center. There was little decline in the physical activity score in Birmingham and Oakland blacks. In each race-sex group, the decline was steepest in Chicago. Except for black men in Minneapolis, rates of decline in the physical activity score were not statistically significantly different in Birmingham or Minneapolis from those in Oakland.
DISCUSSION
The purpose of these analyses was to examine to what degree physical activity tracked through early adult years and to describe change and the secular trend during a 7-year period in overall physical activity levels in the CARDIA population according to the demographic factors sex, race, age, education, and clinical center.
Tracking does not mean perfect correlation. Thus, our analyses supported a tendency for physical activity to track, as others also have found (36) (37) (38) . Tracking was lowest in black women and highest in white men, with intraclass correlations of 0.42 and 0.57, respectively. Tracking was equal in those initially aged 18-20 years as in those initially aged in their late twenties. It weakened as the time interval increased. However, the within person standard deviations were substantial in all four race-sex groups. The present study is in agreement with recent well-designed studies (37, 38) that demonstrated similar patterns of tracking of physical activity in adolescents followed for 3-6 years. In Finns initially aged 18 years, tracking correlation coefficients are remarkably similar to those reported here (37), while tracking coefficients for younger participants in their study were lower. The Finnish study and ours give evidence that tracking of habitual physical activity in young adults is stronger than tracking in adolescents.
The overall lack of conclusive evidence of tracking in earlier studies (17, 18) might be due to use of different measures of type, frequency, and intensity of physical activity and to the fact that prospective longitudinal studies are the exception (12) (13) (14) . Most earlier studies did not use the same activity measure in younger as in older participants. Possible further weaknesses of earlier studies are recall bias and undocumented validity and reliability of measures (13, 14) . Tracking of physical activity might also vary for different populations and might be different in recent years from in earlier years. Tracking of these risk factors through childhood and adolescence is receiving growing attention, because behavioral and physiologic cardiovascular disease risk factors (e.g., smoking and food choice, blood lipid level) are evident among children and adolescents (39) . Tracking in young people appears to be strongest for blood cholesterol. A recent review (21) reports beneficial effects of physical activity on physiologic risk factors (high density lipoprotein cholesterol and body composition) in children and adolescents. Further, the Finnish study (37) found that changes in serum insulin and triglycerides were inversely associated with changes in physical activity in young boys. There is a need for additional prospective, longitudinal study of tracking of physical activity and its relation to other cardiovascular disease risk factors in children, adolescents, and young adults.
The most striking finding in these data was an approximate 30 percent decrease in the geometric mean level of physical activity across all race-sex groups. This striking decline occurred during only 7 years of early adulthood, with individuals generally maintaining their rank in the population. The data suggested that this 30 percent decrease occurred equally at the beginning of the CARDIA age range (i.e., 18-year-olds aging to 25 years old) as at the end (i.e., 30-year-olds aging to 37 years old). One may therefore expect that the level of the comprehensive set of activities queried in this study may be reduced by 50 percent between the ages of 18 and 37 years.
Furthermore, the data suggest that a substantial part of the decline in physical activity is populationwide secular trends. Declines in leisure activity occurring through the latter half of the 1980s may indicate a reversal in the trend toward increasing leisure time physical activity reportedly occurring since 1957 (27, 40) . The prevalence of participation in regular physical activity during leisure time, measured by a single question, was reported to increase through the 1980s, but total leisure time caloric expenditure was reported to decrease in men aged 25-44 years and to be stable in women aged 25-44 years (28) . Declines in physical activity are consistent with populationwide increasing secular trends in body weight observed in this (41) and other (28, (42) (43) (44) (45) studies. Such a trend toward decreased physical activity would likely have adverse health consequences, including increased weight gain, obesity, and, ultimately, coronary heart disease (1-7).
The physical activity score generally declined with age. The cross-sectional age effect was less for greater educational attainment in women but was not related to educational attainment in men. Longitudinally, the physical activity decline was less in black men who continued going to school during CARDIA, but the decline was greater in white men who continued their education and was unrelated to changes in education during CARDIA in women. Further exploration is needed of the observation that physical activity declined more in better educated than in less educated whites, but that the opposite was true for black men; physical activity declined least in black men with the most education. In addition, we observed some differences in the change in physical activity between clinical centers, which may reflect regional differences in leisure time physical activity habits. A smaller proportion of exercisers has been observed in the southern than in the western, eastern, and northeastern United States (22) .
At all four examinations, men consistently reported higher physical activity scores than did women, with black men having the highest scores and black women having the lowest. Depending on what physical activities are included (23) , men are generally as active as or more active than women (22) . Blacks, up to age 74 years (42, 46) and including a subgroup aged 18-29 years (46), have previously been reported to engage in less leisure time physical activity than do whites (42, 46) . Lower exercise levels were found in young adolescents in a sample of blacks than in whites of the same age (47) . Black women in the United States are less physically active than are white women (24, 48) . Black men are, however, more active than white men are in CARDIA; part of this difference at the year 7 examination, but not at baseline, is increased vigorous job activity in black men. The relative ranking between race-sex groups was stable over the 7-year period. More evidence is required to determine which group of men is the more active (22, 48) .
The longitudinal design of CARDIA brings into focus the complex interrelations between age and time as predictors of physical activity, including the possible curvature in the age trend, birth cohort or other historical effects, secular trend, methodological artifact, and differences in estimates of aging within person versus between persons. The underlying effects may be present in cross-sectional designs but are confounded. They are partially separable in longitudinal designs. An example of age curvature would be a peak in physical activity in late adolescence, followed by a decline and another peak; there was no evidence for such a pattern in CARDIA where the total cohort change does not vary by baseline age. Age-matched time trends might reflect methodological artifacts, such as different administration of the physical activity instrument at different examinations, but there were tight quality control and no specific evidence of such methodological problems. The uniform relations of physical activity across age and time, as depicted in figure 2, suggest that cross-sectional age effects are linear through the age range of 18-37 years. One might take total cohort change as the longitudinal (within person) estimate of the effect of age on physical activity. Yet, the total cohort change in physical activity exceeds what would be expected due to age alone, as estimated cross-sectionally. If the between person estimate of the effect of age on physical activity is correct (longitudinal estimate overestimates the age effect), then the excess is secular trend occurring during the 7 years of the study. On the other hand, if total cohort change is the correct estimate of the age effect (cross-sectional estimate underestimates the age effect), then the excess is historical, for example, secular trend that occurred before the study began. It is reasonable to believe that a combination of these two types of secular trend is occurring.
The lack of a birth cohort effect in the physical activity score was expected given the narrow, 12-year, range of age in this study and should not be taken as evidence that there are no birth cohort effects over a greater range of ages.
One reason to be cautious in interpreting the present findings is that self-report measures of physical activity may be less valid than objective measures. Selfreported physical activity has, however, been shown to be associated with a variety of validation criteria in both adults (31) (32) (33) 49 ) and children (50) . The accuracy of self-report measures in adults has been shown to vary with sex (men tend to overestimate their activity), obesity status (obese persons tend to underestimate), and type of activity (sedentary activities are underestimated, aerobic activities are overestimated) (51) . Although one might argue that the striking difference between black women and the rest of the sample could result from a questionnaire that was culturally and sex biased (i.e., not sensitive to aspects of physical activity common among black women), the validity of the questionnaire has been shown to be similar in black as in white women (31), the long-term test-retest correlation coefficients are only slightly smaller in black than in white women (table 2) , and black women in this study were heavier than were white women.
It should be noted that physical activity in these analyses included predominantly leisure activities and strenuous activity at work. Besides less strenuous activity in paid employment, these analyses omit child care and household chores, which are important sources of activity for women. Information about these physical activities was obtained at only one of the first four CARDIA examinations; changes will be studied after further data collection.
These findings point strongly to a need for physical activity promotion programs aimed toward young adults. Programs should be especially tailored for and targeted at those at risk for a sedentary lifestyle, for, as Haskell notes, "The greatest difference in risk is between people who do almost nothing and those who do a moderate amount of exercise on a regular basis" (1, P-414).
